The diagnosis of childhood hypertension based upon percentile tables proposed by the international guidelines is complex and often a cause of underdiagnosis, particularly among physicians who have not had specific training in the field of adolescent hypertension. The use of a simple and accurate screening test may improve hypertension diagnosis in adolescents. The aim of our study is to compare the different screening methods currently used in the literature to improve the diagnosis of childhood hypertension. We have conducted a cross-sectional population-based study of 1412 Caucasian adolescents among students of public junior high schools of Turin, Italy. In this population we have defined the hypertensive status with four different screening tests: BPHR, Somu's equations, Ardissino, and Kaelber methods. Finally, we compared the diagnostic accuracy of the 4 screening tests with the gold standard. Our analysis identifies in BPHR the test which combines ease of use and diagnostic accuracy.
Introduction
Prevalence of childhood hypertension is constantly rising [1] ; early detection is therefore important in order to reduce progression of adult hypertension, premature development of organ damage and to establish early treatment of all associated risk factors.
In adolescents blood pressure values vary with height, age, and gender, making it impossible to utilize a specific blood pressure level to define hypertension, as in adults.
The identification of blood pressure thresholds for any child implies the use of sex-specific height percentiles tables and subsequently tables specifying systolic and diastolic 90th and 95th percentiles for different sex, age, and height percentiles. Children with average of systolic or diastolic blood pressure ≥90th and <95th percentiles are classified as having high-normal blood pressure; hypertension is defined when systolic and/or diastolic blood pressure are persistently ≥95th percentile [2] .
The practical complexity of this method is an essential cause of underdiagnosis for this condition.
Throughout the years, different criteria have been suggested in order to simplify diagnosis and therefore reduce under-diagnosis.
Aim
We have looked for the different screening tests currently used in the literature in order to compare their accuracy in the diagnosis of hypertension in adolescents. The aim of our study is to propose a critical analysis and a comparison among different screening methods currently available in order to find the simplest and most accurate one.
Methods
We have conducted a cross-sectional population-based study of 1412 Caucasian adolescents among students of public junior high schools of Turin, Italy. Informed consent from adolescents and their parents was obtained. The investigation conforms to the principles outlined in the Declaration of Adolescents' age range was 11-18 years and they were homogeneous for sex (682 females and 730 males).
Anthropometric measurements, such as height and weight, were performed when subjects were standing without shoes and in light clothing with a stadiometer and electronic scale, respectively.
BMI was defined as weight (kg) divided by height (m) squared.
Blood pressure was the result of the average of three measurements at 1 min intervals obtained after 5 min of rest and in a warm and heated room. Measurements were taken with a mercury sphygmomanometer using appropriate cuff sizes. The fifth Koroktoff sound was considered as the measure of diastolic blood pressure.
Hypertension was defined according to recommendations of the European Society of Hypertension of 2009 [2] .
Four different indexes were applied in our population: blood pressure/height ratio (BPHR), [3] , Somu's equations, [5] , Ardissino's table [4] , and Kaelber's table, [6] (Table 1) . BPHR was calculated for systolic and diastolic pressure as pressure (mmHg) to height (cm) ratio. Patients were considered suffering from hypertension if their ratio, were over the suggested cutoff. BPHR requires only four thresholds (two for male and two for female) for diagnosis. Somu's equations identify the 95th pressure percentile using the formula 100+ (age in years ×2) (for children between 1 and 17 years) for the systolic pressure. The formulae 60+ (age in years ×2) (for children between 1-10) and 70+ age in years (for children between 11 and 17) are used for diastolic pressure. One of Somu's equation strengths is the need to memorize only one simple formula.
To identify 95th percentile with Ardissino's and Kaelber's methods we have used the thresholds of their tables: in the table used by Ardissino the thresholds vary with height while in the table provided by Kaelber they vary according to age. These last two methods are easier to use when compared to the one provided in the guidelines; however they still require the physician to have tables, which may represent a disadvantage over BPHR and Somu's equation.
True positives and true negatives of the screening tests applied in our population against the gold standard were calculated. Eventually, sensibility, specificity, and accuracy of the different tests were compared.
ROC curves were drawn to show the overall discriminatory power of the screening tests.
Means and standard deviations for descriptive variables and proportions for categorical variables were calculated. The statistical analysis was performed using the SAS package (SAS Statistical Software, Cary, NC, USA). A value of <0.05 was considered statistically significant.
Results
The prevalence of hypertension in our population is 17%.
Among the screening tests, Somu's equations and Ardissino's table have the best accuracy (both 95%) but they tend to underestimate the prevalence: in fact, the thresholds [6] of these two methods favor the specificity (both 99%) over the sensibility (resp. 73% and 78%). Kaelber's method has the worst accuracy (80%); despite the highest sensibility (100%) its specificity is low (76%). The screening test proposed by Lu et al. is a good compromise between sensibility (94%) and specificity (86%), with an accuracy of 87%.
The ROC curves of BPHR have an AUC (area under the curve) greater than 95% both for systolic and diastolic values and for both genders.
Discussion
In conclusion, considering the need of an easy and rapid screening test to diagnose adolescent hypertension, Kaelber's test should be considered as the best screening test because of its high sensibility; by contrast it is associated to the highest number of false positive cases; this can bear important psychological implications in young patients and their parents. Our analysis, therefore, identifies in BPHR the best compromise between sensibility (important feature of a screening test) and accuracy. Moreover, the BPHR is an easy-to-apply test that allows the identification of hypertensive children with only four thresholds and therefore can be used in any setting. This method has a wide applicability: it was originally proposed in the Chinese population but it has subsequently been validated in Caucasian adolescents [7] .
It is important to underline that BPHR and the other tests should be used for screening purposes, and a positive result must be confirmed with the traditional method.
Further studies are necessary to extend the scope of the investigation in children younger than 11 years old.
